INTRODUCTION {#sec1-1}
============

Intestinal parasitic infection (IPI) is endemic worldwide, and it represents a large and serious medical health problem in the developing countries with a high prevalence rate in many regions. It is estimated that 3.5 billion people are affected, and 450 million are ill as a result of these infections, with the majority being children. These infections cause morbidity and mortality along with other manifestations such as iron-deficiency anemia, growth retardation in children, and other physical and health problems.\[[@ref1]\] Helminthic infection is also related to protein--energy malnutrition, low pregnancy weight, and intrauterine growth retardation. The most common parasite-causing infections globally are *Ascaris lumbricoides* (20%), hookworm (18%), *Trichuris trichiura* (10%), and *Entamoeba histolytica* (10%).\[[@ref2]\]

In 2001, the World Health Assembly passed a resolution urging the Member States to control the morbidity of soil-transmitted helminth (STH) infections through the large-scale use of anthelmintic drugs for school-aged children in less developed countries.\[[@ref3]\] The wide spread use of anthelmintic has shown a remarkable reduction in the burden of STH; however, there is a risk of developing drug resistance as a result of frequent treatment with anthelmintic, as there is evidence of widespread drug resistance in the nematodes of livestock who undergo cycles of treatment.\[[@ref3]\] Although periodic treatment with anthelmintic for the control of IPI is highly effective and inexpensive, careful study of the epidemiology of STH is needed before making large-scale periodic treatment schedules.\[[@ref4]\]

Poor sanitation, scarcity of potable drinking water, and substandard personal hygiene practices may contribute to the rapid spread of such infections.\[[@ref5]\] In India, the overall prevalence rate ranges from 12.5% to 66% with the prevalence rate for individual parasite varying from region to region.\[[@ref6][@ref7][@ref8][@ref9]\]

SUBJECTS AND METHODS {#sec1-2}
====================

The present study is a descriptive community-based cross-sectional study conducted in 300 randomly selected schoolchildren of Class I to XII (Age group 5--18 years) of government schools located in East Sikkim from January 2016 to December 2016. The institutional ethical clearance was obtained before the study.

Visit to schools were made and the students counselled and sensitized on the need for stool examination. Consent was taken, stool samples were collected, and the pro forma was filled up. The samples were processed and examined directly by microscopic (saline and iodine mount) and concentration technique (formalin-ether concentration). The samples which were found to be infected with STH were assessed by Stoll\'s egg counting technique. Follow-up visit: Children infected with STH were given tablet/syrup albendazole (ALB) (Zentel, Glaxosmithkline) 400 mg orally, single dose under the supervision, and the second stool sample was collected again within 10--14 days of consuming ALB. Assessing the egg reduction rate (ERR) by fecal egg count (FEC) reduction test by Stoll\'s egg counting technique by calculating the total egg count per gram (EPG) of feces was carried out. Finally, the data were analyzed and the results were interpreted \[[Figure 1](#F1){ref-type="fig"}\]. For drug efficacy, both the cure rate (CR) and ERR were calculated using the quantification techniques.\[[@ref10]\] The CR measures the percentage of those treated who become egg negative after drug administration. The ERR measures the percentage reduction in egg intensity after drug treatment using the arithmetic mean (AR) of pre- and posttreatment egg counts \[[Figure 2](#F2){ref-type="fig"}\]. Interpretation: The efficacy of the treatment for each of the STH was evaluated qualitatively based on the reduction in infected children (CR) and quantitatively based on the reduction in FECs (ERR).\[[@ref11]\]

![Flowchart showing the steps involved in the study](TP-10-18-g001){#F1}

![Formula used for the calculation of cure rate and egg reduction rate](TP-10-18-g002){#F2}

RESULTS {#sec1-3}
=======

Among the 300 stool samples collected, IPI was found with a prevalence rate of 33.9%. Among various IPIs, protozoans identified were *Entamoeba* spp. (15.3%) and *Entamoeba spp.* (14%), and among the helminthes, *A. lumbricoides* were more prevalent with the prevalence of 3% followed by *Hymenolepis nana* (1.3%) and *T. trichiura* (0.3%). The prevalence of protozoan was found more than helminth \[[Figure 3](#F3){ref-type="fig"}\]. Age-wise distribution showed that in \<10 years age group (*n* = 134), 27 children had IPIs, and in \>10 years age group (*n* = 166), 35 children had IPIs. There were 52 (17.3%) cases of monoparasitic infection such as *G. lamblia, Giardia lamblia, H. nana*, and *A. lumbricoides* \[[Figure 4](#F4){ref-type="fig"}\] and 10 (3.3%) cases of mixed infection with the combination such as *G. lamblia* and *Entamoeba* spp., *H. nana* and *Entamoeba* spp., and *A. lumbricoides* and *T. trichiura* \[[Figure 5](#F5){ref-type="fig"}\].

![Distribution of intestinal parasitic infections in the study population](TP-10-18-g003){#F3}

![Types of monoparasitic intestinal parasitic infections](TP-10-18-g004){#F4}

![Combination of mixed infections in intestinal parasitic infections](TP-10-18-g005){#F5}

Among the 300 participants, 10 (prevalence 3.3%) children harbored the STH *A. lumbricoides* and *T. trichiura* \[[Table 1](#T1){ref-type="table"}\]. Examination of stool samples done within 10--14 days post-ALB showed four children still harboring the STH, although the EPG was reduced. EPG pre-ALB in *A. lumbricoides* ranged from 200 to 1500/g and post-ALB it was 100--600/g, whereas *T. trichiura* showed a total absence of EPG post-ALB \[[Table 2](#T2){ref-type="table"}\]. CR and ERR egg count done by Stoll\'s egg counting technique pre- and post-ALB showed the reduction in egg count \[[Table 2](#T2){ref-type="table"}\].

###### 

IPI's found in the study population

  Name of parasite         Number (Prevalence)
  ------------------------ ---------------------
  *Entaemeba* spp.         46 (15.3%)
  *Giardia lamblia*        42 (14%)
  *Hymenolepis nana*       4 (1.3%)
  *Ascaris lumbricoides*   9 (3%)
  *Trichuris trichiura*    1 (0.3%)
  Total                    102 (34%)

###### 

Egg count of stool samples pre and post treatment with ALB. Cure Rate and Egg reduction rate of IPIs

  Name of the IPIs    Egg count Pre Treatment with ALB   Egg count Post Treatment with ALB   Cure rate   ERR
  ------------------- ---------------------------------- ----------------------------------- ----------- -------
  *A. lumbricoides*   200-1500/gm                        100-600/gm                          55.5%       81.4%
  *T. trichiura*      100 gm                             0                                   100%        100%

DISCUSSION {#sec1-4}
==========

Over one billion people in the world are affected by STHs alone, particularly putting school-age (5--15 years) children at risk.\[[@ref10]\] The present study revealed the prevalence of IPIs to be 33.9%, with protozoans being more prevalent than helminthes. In the study population, *Entamoeba spp*. was the most common parasite, followed by *G. lamblia*., *H. nana*, *A. lumbricoides*, and *T. trichiura* \[[Table 1](#T1){ref-type="table"}\]. As compared to other studies\[[@ref12]\] conducted in India, the prevalence is low in the present study; the probable reason could be first due to single stool examination and second due to zero open defecation status in Sikkim.

In one study, they found that the hookworm (8.4%) prevalence was high in rural areas, whereas *Ascaris* (3.3%) and *Trichuris* (2.2%) were more prevalent among urban children.\[[@ref13]\] In the current study, hookworm was not detected in any of the samples; the reason could be that because the study was done in urban children, walking barefoot as in rural children is less in these study populations.

STHs have been identified as a serious public health problem, predominantly among poor communities in the developing world. Benzimidazole (BZ) resistance is widespread and appears to be readily selected in a variety of nematode parasites of animals. There have been reports of a lack of efficacy of BZ anthelmintics against soil-transmitted nematode parasites of humans.\[[@ref14]\]

The prevalence of STH was found to be 3.3% with A.lumbricoides infection 3% and *T.trichiura* infection 0.3%. The prevalence of STH varied widely,\[[@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22]\] *A. lumbricoides* infection from 0.6% to 91%, *T. trichiura* from 0.7% to 72%, and hookworm from 0.02% to 52%. The results obtained in our study are markedly lower than the other states. This may be due to the execution of proper heath control measures in East Sikkim district like ongoing deworming programs for school-age children and no open defecation.

There are a vast number of studies investigating the CRs and ERRs of BZ anthelmintic against human STH; however, many of these are not directly comparable because several of these studies may have been confounded by methodological considerations (e.g., type of diagnostic tests, methods for determining the FEC/ERRs, treatment regimens, drug dosages, and geographical location). Egg count done by Stoll\'s egg counting technique before and after the consumption of ALB 400 mg single dose showed the reduction in EPG in this study. The reduction was seen more in *T. trichiura*, followed by *A. lumbricoides*.

In our study with a single dose of ALB 400 mg, the drug efficacy was high in *T. trichiura* (CR: 100%; ER: 100%) than *A. lumbricoides* (CR: 55.5%; ERR: 81.4%). Hall and Nahar\[[@ref23]\] had shown that single oral dose of 400 mg ALB gave a CR of \<40.0% for *A. lumbricoides* and *T. trichiura* in children in Bangladesh. Furthermore, the low CR of ALB against trichuriasis (22.2%) was observed in schoolchildren (ages 4--15 years) in Nigeria with a single dose of ALB against trichuriasis.\[[@ref24]\]

The WHO recommended threshold levels for the efficacy of ALB, where an ERR below 70% in the case of *A. lumbricoides* or below 50% for the hookworms is the currently accepted thresholds.\[[@ref11]\] Furthermore, if in chemotherapy-based helminth control programs, the difference of ERR between baseline survey and subsequent monitoring surveys shows a significant decline, the suspicion of drug resistance should be investigated by further tests.\[[@ref11]\] A trial was conducted among schoolchildren of seven countries in Brazil, Cameroon, Cambodia, Ethiopia, India, Tanzania, and Vietnam.\[[@ref25]\] Efficacy was assessed by the CR and the FEC reduction/ERR using the McMaster egg counting technique to determine FECs. Overall, the highest CRs were observed for *A. lumbricoides* (98.2%), followed by hookworms (87.8%) and *T. trichiura* (46.6%). There was considerable variation in the CR for the three parasites across trials (country), by age or the preintervention FEC (pretreatment). They consider ERR the most important than CR for all three STHs. Therapeutic efficacies, as reflected by the ERR, were very high for *A. lumbricoides* (99.5%) and hookworms (94.8%), but significantly lower for *T. trichiura* (50.8%), and were affected to different extents among the three species by the preintervention FEC counts and trial (country), but not by sex or age. The study recommended that in future monitoring of single-dose ALB-dependent control programs a minimum ERR of \>95% for *A. lumbricoides* and \>90% for hookworms are appropriate thresholds and that efficacy levels below this should raise concern. Thus, in our study, the ERR of 81.4% for *A. lumbricoides* raises concern and there is a requirement of further study to see the possibility of DR in this region at present. In *T. trichiura*, ERR is 100%, because there was only one sample which was positive for this parasite; it is difficult to comment on the possibility of the DR.

Such studies have the potential to guide governmental and nongovernmental organizations (NGOs) to focus their efforts in highly endemic areas. The purpose of this study is to evaluate the prevalence of IPI infections and assess the efficacy of ALB single dose on STH infections.

There is a serious risk that BZ resistance might develop in the future. Priority should be given to accessible diagnosis and treatment of symptomatic individual cases and community-based treatment if morbidity is high and keep monitoring the development of drug resistance.

CONCLUSION {#sec1-5}
==========

The analysis of collected data provided useful insight into the current prevalence of IPIs in school-going children in government schools in East Sikkim region. The most common IPI prevalent in this region is *Entamoeba spp*. Among STHs, the most common is *A. lumbricoides* in the region. Hookworms were not detected in any of the samples; probable reason for this could be due to consumption of deworming tablets in the schools and the study was done in urban population.

As an alternative, mass deworming of schoolchildren and others is now recommended by the World Health Organization -- "The strategy for soil-transmitted helminthiasis control is to treat once or twice per year, preschool and school-age children; women of childbearing age (including pregnant women in the second and third trimesters and lactating women), and adults at high risk, in certain occupations (e.g., tea-pickers, miners, etc.)."\[[@ref26]\] In addition, controversies\[[@ref27]\] continue, concerning the long-term sustainability of mass deworming -- might not sanitary engineering be cheaper in the long run and confer many other health benefits? A recent meta-analysis\[[@ref28]\] depressingly concluded, "Deworming drugs used in targeted community programs may be effective in relation to weight gain in some circumstances, but not in others. No effect on cognition or school performance has been demonstrated," although it has been convincingly argued that this is the result of asking the wrong question in the wrong manner.\[[@ref29]\] Such studies have the potential to guide governmental and NGOs to focus their efforts in highly endemic areas. Whatever the best approach is, studies like the ones reported here are needed to remind us of the ubiquity of intestinal parasites and the need to make real progress in reducing this burden on our children\'s physical and mental development.
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